We've never been more aware of the microbes in our world. We're weathering a devastating flu season, checking into a hospital spawns fears of contracting an infection, and our gut microbiomes control our weight, our emotions, and how well we fight off disease. Kimchi, kombucha, and kefir are the darlings of food magazines and trendy restaurants. Viruses can help fight cancer (Ribas et al., Cell 170, 1109 -1119 ). Yet many see eukaryotes having a lock on complexity-core processes, organization and architecture, and coordinated activity at all levels from cellular to organismal to communal. They don't. There's much more than ''just . . . exist [ing] '' to appreciate in The Microbial World, and with this Review Issue, we hope to inspire some small measure of awe and wonder at its grandeur.
More and More Microbes
Many of us learned to appreciate the diversity of life on this planet through the Tree of Life that laid out distinctions between bacteria, eukaryotes, and archaea. Ongoing advances in sequencing technologies and analytical approaches are revealing exactly how much we don't know about the microbes around us. Discoveries of new swaths of bacteria and archaea substantially expanded those branches, making clear how much in the minority eukaryotes are. With identification of organisms based solely on their DNA, most from environmental samples rather than a culture in a lab, we have much to learn about how these organisms integrate into the broader ecosystem, setting up questions about evolution, symbiosis, and community structure. And then there are viruses both giant and small. Viruses can infect every branch of the Tree, and genomic studies are similarly illustrating that we have only glancing familiarity with their multitude.
It is, however, time to move beyond sequence to understand the biology of these microbes. A new generation of microbe hunters works on this frontier asking questions about how our soil, our water, and our plans for Mars may be shaped by microbes, and with the recent example of CRISPR, who knows what they might find and how the discoveries will reverberate throughout science? Archaea, which harbor processes and pathways extant in both bacteria and eukaryotes, offer a playground for researchers asking questions about evolution of biomolecule function.
Masters of Organization
These abundant, complex microbes are marvels of economy, establishing distinctive shapes, propagating, executing dynamic response mechanisms, and enacting self-defense all with a limited (though not permanently restricted) set of tools. The typical image of a bacterial cell is a circle or rod-shape with little if any defined internal detail. The emerging sense of how bacteria coordinate these activities involves a more sophisticated view on subcellular spatial organization. Basic physical properties, including cell shape, DNA localization, protein-protein interactions and the crowded nature of the cellular milieu, support formation of functional domains that enable the bacterial life cycle. Through advances in imaging and computational modeling, researchers can now develop and refine insight into key processes like cell division.
First Responders
Bacteria have highly developed systems for responding to changing conditions or threats in their immediate environment whether it's arrival of another species or strain, a change in nutrient availability, or the presence of a toxin. Some responses occur at the gene regulatory level, exemplified by use of alternate sigma factors to control which genes are transcribed. However, not all responses are as seemingly straightforward. Bacteria assemble nanoscale machines to send effectors, whether proteins or DNA, into other cells as a means of either communication (think gene transfer) or defense (think toxin). CRISPR-Cas immunity ensures that encounters with parasites get documented and turned to advantage in future microbial battles. Current work is uncovering a diversity and complexity of mechanisms for how the different CRISPR systems function and have evolved in concert with their phage parasites. While genetic and cellular responses integrate at the community level in any number of contexts (cheese anyone?), one of the most striking is the way that hydrocarbon-degrading microbes can clean up our environment. Through studies in the Gulf of Mexico and elsewhere, we're gaining an appreciation for how oil degraders use layers of response pathways to solubilize and remove oil from contaminated waters.
The Challenge of Changing a Dynamic System
In contrast to archaea and viruses, global efforts have largely enumerated the major resident bacterial lineages in human-resident microbiomes. With such a catalog in place, focus is shifting to the microbial communities themselves-how they develop and adapt-and to how host-microbiome interactions contribute to host health and disease and what the consequences of perturbing that ecosystem might be. A microbial community is constantly in flux. With rampant horizontal gene transfer and short generation times, genome evolution happens quickly. There are constant turf battles, and open communication through quorum sensing and protein secretion can transmit changes in response to a stress or changing environment. The trajectory of these entire communities can be altered by antibiotic treatment, emergence of a pathogen, or changing resources in response to host diet, any of which can eradicate established members of the community. These transitions and the accompanying adaptive (or maladaptive) responses aren't restricted to animal-resident communities. Plant-microbe interactions are crucial for crop production and the health of the biosphere, and understanding how to promote or modulate them is an essential area of research.
The Call and Response of Infectious Disease
It's one thing to understand what makes up a specific microbiome and to understand some basics of how that community functions and interacts with its environment but quite another to manipulate it. For example, the promise of personalized manipulation of our microbiomes is tantalizing, but it remains on the horizon for all but a few specific cases. However, we have long been exerting efforts to control and manage pathogens across human populations. The discovery of antibiotics revolutionized medicine. The resulting selection for and spread of antibiotic resistance then tipped the scales, and seemingly minor infections once again can become life-threatening. The research community has responded with renewed efforts in both academia and industry to circumvent resistance mechanisms. Additionally, a more recent focus on antibiotic tolerance is opening up new ways to treat infection. Anyone who's wound up abed this winter due to flu has undoubtedly spent time wondering about vaccines and why some work while others don't. Managing a recurrent virus like influenza requires continual efforts in vaccine development, where a big question is whether a universal vaccine can be engineered such that yearly tailoring won't be required. For any outbreak, whether it's flu, Zika, Ebola, or a yet-toemerge pathogen, global collaboration is essential to ensure early detection, appropriate patient care, and examination of reservoirs. In the last few years, we've learned that the research and clinical communities can mobilize cutting edge technologies, like viral genome analysis, and share information and resources to speed development of vaccines and medicines. Inasmuch as we eukaryotes are the minority, our exposure to pathogens will not diminish. Lessons learned in basic infection biology and about how we, as a global community, can work together will inform how effectively we respond the next time.
Microbes with their diversity, complexity, and reach across every branch of life have much to teach us about our own biology and existence. We're pleased to present this Review Issue that highlights the complexity of the microbial world. May you too become someone who loves microbes. 
